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ABSTRACT—The aromatase activity of Sertoli cells enriched cultures from immature rat testis has

recently been utilized for in vitro bioassay of follicle stimulating hormone (FSH). with conversion of

exogenous 19-hydroxyl-androstenedione (190H-A) to estradiol- 17/? being used as end point. The
process of the preparation of cultured Sertoli cells was, however, rather lengthy. Wehave simplified the

bioassay system, by directly employing the dispersed seminiferous tubule cells, without initial culture of

the Sertoli cells for 2-4 days, for incubation with FSHs. Such simplified incubation system was found to

be rapid, sensitive and specific for in vitro bioassay of purified FSH preparations. In brief, decapsulated

testes, obtained from 12 days old rats, were dispersed with collagenase for 10 min in Medium A. The

dispersed seminiferous tubule cells were distributed into the multiwell of culture plate, preincubated

with 190H-A for 2 hr and then incubated with varying doses of FSHs in Medium B (Mediums A + 0.125

mMMIX) at 25 C for 20 hr. under continuous aeration in Dubnoff incubator shaken at 50 cycle /min.

Dose related estradiol- \1 ,3 productions were produced by various mammalian FSHs. Such simplified

incubation system is highly reliable and useful for in vitro bioassay of FSH activity from purified

hormonal preparations or for monitoring FSH activity during isolation of the hormones. Cyclic AMP
formation and accumulation by the dispersed seminiferous tubule cells were also investigated. The

results indicated that the estradiol- 17,3 formation system is more sensitive than the cyclic AMP
production system for in vitro FSH bioassay.

INTRODUCTION

Gonadotropins are synthesized in and secreted

from pituitary glands of diverse mammalian and

nonmammalian vertebrate species [1, 2]. In most

vertebrate species, two distinct types of pituitary

gonadotropins have been identified, LH and FSH.

FSH regulates gonadal maturation, ovarian folli-

cles development and testis seminiferous tubule

spermatogenesis [3-8] as well as gonadal ster-

oidogenesis [9-13]. Various biological assay sys-

tems have been established for quantification of

the FSHs prepared from pituitaries or present in

circulation [14. 15]. The classical method for in

vivo FSH bioassay of Steelman and Pohley [16],

based on the augmentation with human chorionic

gonadotropin (hCG). has been widely used. Be-

cause of its low sensitivity, it is not convenient for
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measuring samples of small amount, and for

routine assays. To improve the sensitivity, several

in vitro bioassays for FSHs have been developed

for purified preparations or pituitary extracts.

These include, the measurement of
[

3
H]-thymidine

uptake into mouse ovaries [17],
[

3 H]-glucosamine

incorporation into proteoglycans by porcine granu-

losa cells [18], cAMPproduction by rat seminifer-

ous tubules [19], plasminogen activator production

by rat granulosa cells [20], the stimulation of

estradiol production in rat Sertoli cells [10. 15. 21]

and aromatase activity in rat granulosa cells [14].

Recently, the stimulating effect of FSH on aroma-

tase activity which converting androgen to

estrogen by primary cultures of granulosa cells and

Sertoli cells have been improved [15. 22]. FSH
specifically stimulates the aromatase activity of the

plenary cultures of both granulosa cells and Sertoli

cells prepared from gonads of immature female

and male rats, respectively; in these studies, close

related formations of estradiol- 1 7, y are produced
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from the added testosterone [10, 11, 21, 22].

Although both assay systems have been improved

recently, the whole process is still rather lengthy

with respect to the preparation of cultured granu-

losa cells and Sertoli cells. We thus have attemp-

ted to further improve such assay systems. We
report here a rapid, sensitive, and reliable in vitro

FSH bioassay, basing on the estradiol formation

activity by dispersed seminiferous tubule cells pre-

pared from immature male rats.

MATERIALSANDMETHODS

Hormones and chemicals

Ovine FSH (NIADDK-oFSH-17), human FSH
(NIDDK-hFSH-Bl), ovine LH (NIADDK-oLH-

25), ovine TSH (NIADDK-oTSH-12), ovine PRL
(NIADDK-oPRL-18) and ovine GH (NIADDK-
oGH-14) were a generous gift of the National

Hormone and Pituitary Program, NIADDK, Balt-

imore, MD. Porcine FSH (USDA-pFSH-Bl) was

from the USDA Animal Hormone Program,

USA. Humanmenopausal gonadotropin (HMG),

pregnant mare serum gonadotropin (PMSG), in-

sulin (from bovine pancreas, for cell culture, 24.5

IU/mg), l-methyl-3-isobutyl-xanthine (MIX),

bovine serum albumin (BSA, Fraction V), HEPES
(N-2-hydroxy-ethyl piperazine N-2-ethane sulfonic

acid), collagenase (Clostridiopeptidase A; EC
3.4.24.3; type I), penicillin /streptomycin and 19-

hydroxyl-androstenedione (190H-A) were purch-

ased from Sigma Chemical Co. ST. Louis, MO.
Medium 199 (with Hanks' Salts and L-Glutamine)

was from GIB CO Laboratories, Chagrin Falls,

Ohio. Tritiated estradiol- 17/? (2, 4, 6, 7, 16,

17-[
3
H], 55 Ci/m mol) and cyclic AMP(2, 8-[

3
H];

45 Ci/m mol) were purchased from the New Eng-

land Nuclear Co. Boston, MA. The specifications

and biological potencies of the hormones assayed

Table 1. Source, specifications, sensitivity and relative potencies of the hormones assayed in the present

FSH bioassay

Hormones Source
Specified Sensitivity

3
Relative

b (95% Fiducial
b

Linear range
3

potencies (ng) Potency limit) of doses (ng)

Human FSH
(NIDDK-hFSH-B-1)

NIH 1,683 IU/mg
(X2nd IRP-HMG)

0.1 910

Ovine FSH
(NIADDK-oFSH-17)

NIH 20XNIH-FSH-S1
0.05XNIH-LH-S1

1.5 100

Porcine FSH
(USDA-pFSH-Bl)

USDA 2.0XNIH-FSH-B1 14 12

PMSG
(Sigma G-4877)

Sigma 2620 IU/mg 5.2 30

HMG
(Sigma G-8760)

Sigma FSH 47.4 IU/mg
LH 52.7 IU/mg

20 5

Bovine TSH
(NIADDK-bTSH-11)

NIH TSH 27 IU/mg
(FSH<1%)

80 1

Ovine LH
(NIADDK-oLH-25)

NIH 2.3XNIH-LH-S1
(FSH<0.5%)

580 0.2

Ovine GH
(NIADDK-oGH-14)

NIH 1.9 IU/mg
(FSH<2%)

2,000 0.1

Ovine PRL
(NIADDK-oPRL-18)

NIH 3.0 IU/mg
(FSH<0.5%)

> 10,000 <0.001 c

(800-1100) 0.1, 0.2, 0.4, 1, 2

(91-112) 1, 2, 4, 10, 20

(8-15) 10, 20, 40, 100

(15-30) 4, 10, 20, 40

(3-6) 40, 100, 200, 500

(0.7-1.4) 100,250,500,1000

(0.15-0.29) 500, 1000, 2000

(0.086-0.12) 2000, 5000, 10000

a The mean base line estradiol- 17/? production from dispersed seminiferous tubule cells without hormones

(controls) plus two standard deviations was the method used to extrapolate the sensitivity.

b The relative potency of hormone preparations was estimated by the weighting method suggested by Finney [30]

for parrallel line assays, using the ovine FSH (NIADDK-oFSH-17) as a refernce ( = 100). The data are

presented as weighted mean with 95% fiducial limits.

c Doses of ovine PRL, up 10,000 ng, did not evoke estradiol- 17/? production.
d

Within these doses range, the amounts of estradiol-17/? production after logarithmic transformation were

plotted against the log doses of hormones, giving a linear dose response curve.
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in the present study are summarized in Table 1.

Animals

Immature male Wistar rats (12. 16, IS. 20 and 28

days old) were purchased from the Laboratory

Animal Center, National Taiwan University,

Taipei. Taiwan. They were sacrificed immediately

after delivery to the laboratory. The rats were

raised at temperature controlled room (23±2°C)

and lighting schedule was 12L:12D. Adult rats

were fed with Puina Chows and water supplied ad

libitum.

Preparation of dispersed seminiferous tubule cells

The method used for the preparation of the cells

was modified from the procedures employed by

Dorrington et al. [23] and Van Dammeet al. [21].

Briefly, decapsulated testes, from 10 rats of 12

days old were incubated in Medium A (Medium

199 with 25 mMHEPES, penicillin 10,000 units/

100 ml. streptomycin 5mg/100ml. 0.1% BSA,
10 r

r sodium bicarbonate 1 ml/100 ml, pH 7.40)

containing collagenase (2 mg/ 1 g testis/4 ml) in an

incubator shaken at 100 cycles/min at 35°C for 10

min. Seminiferous tubules were settled to the

bottom of centrifuge tube (50 ml, Falcon) follow-

ing addition of another 10 ml of Medium A, and

the supernatant was decanted to remove intersti-

tial cells. The seminiferous tubules were repeated-

ly washed with 10 ml of Medium A for three times.

and were then dispersed by collagenase (2 mg/1 g

testisMml) again at 35°C for 30 min in a capped

Falcon centrifuge tube, placed horizontally, in the

incubator shaken at HK) cycles/min. The resulting

cell suspension was filtered through 2x2 mm
Nylon mesh. The cells were collected by low speed

centrifugation (600 xg). and were suspended in 35

ml of Medium B (Medium A with 0.125 mMMIX,
pH 7.40). The number of cells was counted with

hemocytometer. and viability of the cells was

determined by checking its exclusion ability of

trypan blue. Viability was routinely greater than

Three hundred microliter of cell suspension

containing 2Xl(r viable cells was transferred to

each incubation well (16 mmX 24 Nonclon).

Sertoli cell aromatasc btOOSSay

Dispersed seminiferous tubule cells were

preincubated in Medium B (Medium A with 0.125

mMMIX, pH 7.40) with 150 Qg 190H-A in 100, /I

(400 /d/well). After 2 hr preincubation. FSHs or

other hormones which were dissolved in 100 //I of

Medium B, were added to respective culture well

The total incubation volume was 500 /A per well.

Cells were incubated in a Dubnoff incubator

shaken at 50 cycles/min with water saturated

atmosphere that consisted of 95% : and 5% CO:

at 35°C for 20 hr. The medium was stored at

—20°C freezer until estradiol- 17/9 radioimmu-

noassay.

Age difference of the Sertoli cell aromatasc activity

Immature Wistar rat testes from various age

groups (12, 16, 18, 20 and 28 days old) were used

as source to investigate the age difference of

aromatase activity. Dispersed seminiferous tubule

cells were prepared as described previously. Each

incubation well contained 2x 10
5

cells (in 300^1),

150 ng of 190H-A (in 100 fx\) and varying doses of

oFSH (in 100 /A). The protein contents of cells of

each well were extracted with and precipitated by

0.2 N perchloric acid, and were then determined

by Lowry method [24].

Time course pattern of estradiol- 11 )3 formation

The time course patterns of estradiol- \7
t
3 forma-

tion by dispersed seminiferous tubule cells from 12

days old rats were investigated. Dispersed cells

prepared as described previously, incubated with

or without 20 ng ovine FSH at 35°C, separately,

for 0, 2, 4, 6, 8. 10, 12, 14, 16,18 and 20 hr. At the

end point of incubation, the incubated media were

stored at —20°C until assay.

Radioimmunoassay of estradiol- 1

7

t
3

Preliminary experiments on the quantification of

estradiol- \1 ,i present in the incubation medium

revealed that the estradiol contents were similar

cither with or without ether extraction. Conse-

quently, the estradiol radioimmunoassay of in-

cubation medium was performed directly without

ether extraction. The radioimmunoassay <>f estra

diol-17.y was as described previously [25]. The

antiserum uas produced in rabbits b\ immuniza-

tion with cstradiol-6-CM() : BSA (Steraloids Inc.).

The antibock was highly specific for estradiol- 17/V.
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The cross reactions relative to estradiol-17/?

(100%) were: estrone, 2.9%; estriol, 0.6%; estra-

diol-17a, 0.2%; testosterone, 190H-A, and other

steroids had negligible cross reactions with this

antiserum [25].

Formation and accumulation of cyclic AMPof

dispersed seminiferous tubule cells

A separate study was conducted to examine time

course pattern of and dose response in the forma-

tion and accumulation of cyclic AMPby the dis-

persed seminiferous tubule cells upon FSH sti-

mulations. The preparation, preincubation and

incubation conditions of the dispersed cells from

12 days old rats were as described previously, but

without addition of exogenous 190H-A. For the

time course studies, the cells were incubated with

200 ng of oFSH for various time intervals during

the 20 hr incubation period. For the dose response

studies, the cells were incubated with varying

doses of ovine FSH or ovine LH for 2 hr. The

incubated cells and media were then pipetted to

glass tubes (12x75 mm) and heated in boiling

water for 10 min. The amount of cyclic AMPwas

determined by competitive protein-binding

method [26, 27]. The cyclic AMPbinding protein

was prepared from fresh bovine adrenal cortex by

our laboratory [28] based on Gilman preparation

method [29].

Statistical analysis

The statistical calculations of regression, linear-

ity, parallelism and potency estimates between

different preparations of the hormones were per-

formed by computer program (STATGRA-
PHICS) according to the statistical equations and

the methods described by Finney [30].

RESULTS

The Effect of methyl-isobutyl-xanthine {MIX) on

estradiol- 1 7ft formation

The effect of MIX on aromatase activity of

dispersed seminiferous tubule cells from 12-day-

old rats was investigated. As indicated in Figure 1,

dose related estradiol- 17/? formations were pro-

duced by the dispersed seminiferous tubule cells

1.6

1.4

1.2-1
E
m
6 1.0-\

S 0.6 H
I

1 0.4

2

HI ***

Ovine FSH (ng)

Fig. 1. The effects of 0.125 mM methyl-isobutyl-

xanthine (MIX) on estradiol-17/? formation of dis-

persed seminiferous tubule cells prepared from 12

days old rat upon stimulation with varying doses of

ovine FSH. The data are expressed as mean+ SEM
of triplicate assays from a single incubation experi-

ment.

following 20 hr of incubation with increasing doses

of ovine FSH in the presence or absence of 0.125

mMMIX. Addition of 0. 125 mMMIX augmented

FSH-stimulated estradiol-17/? production consider-

ably, and also increased the sensitivity greatly. As
a consequence, MIX was included in the incuba-

tion system for all experiments in the present

study.

Time course patterns of estradiol- 17 ft production

As shown in Figure 2, estradiol- lift production

was detectable 2hr after incubation with 20 ng

oFSH, and estradiol-17/? was increased more than

10-fold after 20 hr incubation. As indicated, estra-

diol-17/? formation was increasing linearly during

the first 12 hr of incubation, and gradually

approached the plateau thereafter. The amounts

of estradiol-17/? production at 20 hr of incubation

were approximately 30% greater than those at 12

hr of incubation.

Comparisons of age difference in estradiol-17 ft

formation

The ability and capacity of estradiol-17/? forma-

tion by dispersed seminiferous tubule cells were

compared for rats from 12 through 28 days old at

various age groups. As indicated in Table 2, testis
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Fk, 2. Time course patterns of estradiol- \1 ,3 formation

from exogenous 19-hydroxyl-androstenedione

(190H-A) by dispersed seminiferous tubule cells of

12 da\s old rat. The cells (2 X 1(F cells/well) were

incubated with or without 20 ng of ovine FSH. The

data are expressed as mean±SEM of duplicate

assays from three separate incubations.

E —

b

c 0.8 -

Ovine FSH (ng)

Fig. 3. Age difference of dose related estradiol- 17^

formation curves of dispersed seminiferous tubule

cells (2 X 10
s

cells/ well) prepared from rats at va-

rious age groups ( 12, 16, 18, 20 and 28 days (D) old),

in response to ovine FSH stimulation. The data are

expressed as mean±SEMof duplicate assays from

three separate incubations.

weight, total cell number and protein content of

dispersed cells were all increased with age. In our

present study, the Sertoli cells were not identified;

thus the number of dispersed cells represented the

total number of both Sertoli cells and germ cells.

Considerable age difference in estradiol-17/? pro-

ductions was observed. As indicated in Figure 3,

the aromatase activity (estradiol-17,2 formation)

expressed on basis of cell numbers per incubation

well was decreased with increasing age; similar age

pattern of aromatase activity was also observed

when expressed on basis of protein content per

incubation well (Data are not shown). The highest

aromatase activity was observed in 12 days old

rats. Cells from 16, 18, and 20 days old had much

lower aromatase activity. The estradiol-17/?

formation by the cells from 28 days old rats was

undetectable. Thus, 12 days old rats were selected

in the present study, for provision of Sertoli cells

for in vitro FSH bioassay.

Hormonal specificity and responses to FSHs and

FSH-like gonadotropins from different species

As shown in Figure 4, parallel dose-related

Table 2. Comparisons of the testis weight, and cell number and protein content of the seminiferous

tubule cells in the immature rat of various age groups'

Age (days) 12 16 is 20 2S

Body weight (g)

Testes weight
(mg pair testes)

Available cells
b

(10' pair tester)

Total protein

24.3±0.7

44.3-3.2

2S : • 1.2

0.98 ±0.08

28.5 ±2.6

70.5 ±3.5

36.1 ±2.5

L26±0.10

30.1 ±1.7

97.6±4.5

44.5±3.4

2.20- 1.16

34.5 ±2.0

191.3±8.6

73.0 ±4.5

3.65 • n Jl

56.1 ±3.4

550 |
<> .5

28(1 * 5.2

14.0 • 11

11 The data are expressed as the mean ± SEMfrom three separate assays. In each assay, 10 rats ot each age

group were sacrificed, and the body weight and testes were pooled for each group.
h

The total number of viable cells prepared from dispersed seminiferous tubules w;is counted with

hemocytometer as described in Materials and Methods.
c The total protein content (mg dispersed seminiferous tubule cells of the pair testes) was determined by

Lowrv method, as described in Materials and Methods.
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Fig. 4. Comparative potencies of FSHs and FSH-like gonadotropins in estradiol- 17/?

formations by dispersed seminiferous tubule cells prepared from 12 days old rats. A:
HumanFSH; B: Ovine FSH; C: PMSG;D: Porcine FSH; E: HMG. The specifications

of the hormones are indicated in Table 1. The data are expressed as mean+ SEMof

duplicate assays from three separate incubations.

estradiol-17/3 formations were produced by human

FSH, ovine FSH, porcine FSH, HMG, and

PMSG. The potencies of these purified FSHs or

FSH-like gonadotropins were different, with hu-

man FSH being the most potent. The amounts of

estradiol- 17/? production after logarithmic trans-

formation were plotted against the log doses of

hromones, giving linear dose response curves with

mean slope 0.780 (0.753-0.827). None of the five

dose-response curves significantly nonparallel to

each other (p<0.05). In contrast, excessively

large amounts of ovine LH, ovine GHand bovine

TSH were needed to evoke dose-related estradiol

formations (Figure 5). The stimulatory potencies

d\ 1.2

bTSH

oGH

oPRL
-rrm| 1 i i i n ii

|

1,000 10,000

nrrrn 1 i i i n i n 1
i 1 1 mil

—

.-untrol '

0.5 1 10 100

Hormones (ng)

Fig. 5. Hormonal specificity in stimulation of estradiol-

17/9 formation by dispersed seminiferous tubule cells

prepared from 12 days old rats. The data are

expressed as mean± SEMof duplicate assays from

three separate incubations.

on Sertoli cells aromatase activity of ovine LH,

ovine GHand bovine TSH were 0.2%, 0.1% and

1.0% of ovine FSH (NIADDK-oFSH-17), respec-

tively (Table 1). Treatment with ovine PRL (up to

10,000 ng), however, did not stimulate estradiol

production by this bioassay system. The precision

of this in vitro FSH bioassay as characterized by

the mean index of precision (A) was 0.064 in 8

multiple assays of ovine FSH at 3 dose levels.

Sensitivity and relative potencies of the tested

hormones in the present study are summarized in

Table 1.

Cyclic AMPformation and accumulation of dis-

persed seminiferous tubule cells

From the time course pattern experiment (Fi-

gure 6), upon stimulation with 200 ng of ovine

FSH, cyclic AMPcontent was increased during the

first 2 hr of incubation, gradually decreased after-

wards, and declined to the basal control level at 20

hr of incubation. As shown in Figure 7, dose-

related cyclic AMPaccumulation was produced by

ovine FSH; the maximal response of cyclic AMP
production was about 11-fold from the cell con-

trols, without hormonal stimulation, and the

lowest detection sensitivity was about 10 ng/cul-

ture well, with respect to ovine FSH (NIADDK-
oFSH-17). Ovine LH, up to 1000 ng, did not

evoke the cyclic AMPformation and accumulation

by the dispersed seminiferous tubule cells.
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6. Time course patterns of cyclic AMPaccumula-

tion of dispersed seminiferous tubule cells of 12 days

old rat. The cells were incubated with or without

200 ng of ovine FSH. The data are expressed as

mean±SEMof triplicate assays from a single in-

cubation experiment.

n
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Fig. 7. Dose response curve of cyclic AMPaccumula-

tion of the dispersed seminiferous tubule cells stimu-

lated by ovine FSH. The cells were incubated in

Medium A containing 0.125 mMMIX for 2 hr. at

55 C. The data are expressed as mean±SEMof

duplicate assays from three separate incubations.

DISCUSSION

The Steelman-Pohley method [16] is the most

frequently used assay for measuring FSH bioactiv-

itv in pituitary and urinary preparations. Howev-

er, the sensitivity of such in vivo FSH bioassay is

relatively low. Several in vitro FSH bioassas

methods have been established [17-22. 31].

Methods have been reported for isolation and

maintenance on primary cultures of Sertoli cells

obtained from immature rat testis [10, 11. 23].

These culture cells have been shown to respond to

added FSH and dibutyryl eAMP [6] and led to

synthesis oi estradiol- 17/?, when testosterone was

added to the culture cells [10, 11, 23]. Van

Damme ei al. [21] further applied this in vitro

system for measurement of biological activity of

FSH preparations and of pituitary extracts. Pad-

manabhan a al. [15] improved this Sertoli cell

aromatase bioassay for estimating FSH activity in

unextracted human serum. Jia and Hsueh [22]

reported a granulosa cell aromatase bioassay based

on FSH-stimulated estrogen production by cul-

tured granulosa cells. The processes of culture for

obtaining both enriched Sertoli cells and granulosa

cells were rather lengthy [ 10, 11, 14]; we have thus

attempted to simplify the bioassay system by

directly utilizing the dispersed seminiferous tubule

cells for incubations, without prior initial culture of

cells.

The results from the present study have clearly

indicated that the dispersed seminiferous tubule

cells per se, without initial culture of Sertoli cells.

are capable of converting exogenous androgen to

estrogen, in a dose-related manner, in response to

FSH stimulation. The estradiol production from

cell control to maximal response was about 10-

fold. Our studies also demonstrated that the

dispersed seminiferous tubule cells responded,

specifically, to FSH, but did not respond to other

related hormones such as TSH, LH, PRL and GH,
except at extremely excessive amounts. The hor-

monal specificity of this FSH bioassay is consistent

with the results reported by previous researchers

who have employed the cultured Sertoli cells for

the bioassay system [15, 21, 32]. Our results also

indicated that the responsiveness ol dispersed

seminiferous tubule cells (Sertoli cells plus germ

cells), employed ill present Study, is similar to that

of enriched Sertoli cells used by others [15, 21, 32].

The ability of other cell types, to metabolize

testosterone, m the seminiferous tubules from

immature rats was previously investigated [6, 23].

They reported that cell suspensions consisting of

85-909? spermatocytes prepared from immature

rats formed dihulrotcstosterone as a majoi mctab-

lite of testosterone. A small amount of 5o-

androstane-.v/. 17^-diol was also formed, bill this
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was probably due to the low level of contamination

with Sertoli cells. Spermatids, on the other hand,

have little, if any, 5a-reductase or 3a-

hydroxysteroid dehydrogenase activity. Peritubu-

lar myoid cells did not synthesize detectable

amounts of estrogen when incubated in the pre-

sence of testosterone. These studies provided a

basis for us to develop the bioassay system in the

present study by directly employing the dispersed

seminiferous tubule cells, without initial culture of

Sertoli cells.

Signal transduction of gonadotropins is medi-

ated by binding to the membrane receptor and

activating cyclic AMPformation [33, 34]. Xanth-

ine, a phosphodiesterase inhibitor, is able to en-

hance the sensitivity of testis interstitial cell ster-

oidogenesis stimulated by LH [35-37] and granu-

losa cell estrogen production challenged by FSH

[22]. In this study, addition of 0.125 mMMIX
greatly enhanced the sensitivity of estrogen pro-

duction; such results are comparable to those

reported by others using different bioassay systems

[22, 32].

The sensitivity of the present simplified system is

0.17 mlU of FSH (Figure 4). Such simplified

bioassay system is 3- to 6-fold less responsive as

compared to the relevant bioassay systems em-

ploying Sertoli cells [15, 21, 32] and granulosa cells

[22]. In their procedures, the steps of initial

culture of the cells for one day [21] or several days

[15, 22, 32] were needed prior to stimulation with

FSHs. By contrast, in our simplified procedure the

initial step of the culture of Sertoli cells was

omitted. It has been shown that the sensitivity of

the response is greatly increased with increase of

the time length of initial culture of Sertoli cells

from 24 hr to 124 hr before stimulation with FSHs

[15, 21, 22, 32]. Furthermore, it has been demons-

trated that the sensitivity of the assay is increased

by the addition of insulin, transferrin, epidermal

growth factor, hydrocortisone, human chorionic

gonadotropin and/or retinoic acid to the culture

medium [15]. In our simplified procedure, these

factors, however, were not included in the incuba-

tion medium. Consequently, these different in-

cubation conditions, as described above, are be-

lieved to be the main causes responsible for the

different responsiveness between the previous sys-

tems and our simplified procedure. By omitting

the step of initial culture of Sertoli cells, our

simplified bioassay system has thus considerably

shorten the length of bioassay from 4-5 working

days [31] to 2 working days (this study) without

curtailing the sensitivity of the assay to a great

extent. Such simplified and rapid incubation sys-

tem is thus useful for monitoring FSH activities

during isolation and characterization of the hor-

mone, and for routine assays of biological activity

of purified mammalian FSH preparations. In

addition, such system is also convenient and useful

for comparisons of FSH activities of pituitary

extracts or of purified FSH preparations from

various vertebrate classes (will be published else-

where).

The present results revealed that the effect of

FSH on estradiol- 17/? synthesis by dispersed semi-

niferous tubule cells prepared from rats of 12 days

of age, however, was more dramatic than at 16, 18

and 20 days of age. Dispersed seminiferous tubule

cells from rats of 28 days of age synthesized only

small amounts of estradiol-17/? in the presence of

190H-A. Such age differences in estradiol-17/?

formation activity were discernible, regardless ex-

pressed either by per unit of protein, or by per unit

of total number of cells per incubation well. Our

results are generally comparable to the previous

findings by Dorrington and Armstrong [6, 10]

using the cultured Sertoli cells for incubations.

Our results together with previous findings thus

indicate that the estradiol formation capacities (or

the aromatase activities) of Sertoli cells from rats

of 10 to 12 days of age are virtually the same

regardless with or without presence of germ cells

under the in vitro conditions.

Since FSH atimulates adenyl cyclase activity

leading to cyclic AMPformation, the determina-

tion of cyclic AMP produced by immature rat

seminiferous tubule cells has also been employed

for FSHbioassay [19, 28, 38, 39]. The results from

the present study revealed that cyclic AMPforma-

tion was five-fold less sensitive than that of estra-

diol-17/? formation. Estradiol-17/? is the end and

stable product of aromatase stimulated by FSH in

tHe Sertoli cells; while cyclic AMP, the secondary

messenger of the hormone, is rapidly and con-

tinuously metabolized within the cells. Conse-
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quentlv. the estradiol- 17/9 formation system is con-

sidered to be more reproducible and reliable than

the cyclic AMPformation system.

In summary, we have established a simplified,

rapid and sentitive in vitro FSH bioassay system.

measuring estradiol- 17.:? conversion from exoge-

nous 190H-A by dispersed seminiferous tubule

cells prepared from immature rats, without initial

culture of Sertoli cells. Such incubation system is

suitable for estimating FSH activity from purified

hormonal preparations, or for monitoring FSH
activity during isolation and characterization of the

hormone from pituitary gland or placenta.
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